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m m m m m m tb a £ he: us na m niife 
# m m i&mn-m m mm&i& m i\\ xd/oy^mmm m 
f&Tjfe - xm-m^-m^mur^m. m & «& ,'iu m m m n * 
m im m fflMz.m&xitmft • ^ i*i w ^ fiii is wt w e» mo ®? p 

# a & IhJ p$ ^ ^ li A Jl 4r ' If & !|£ 11 W % ft f!l tb II -ft 12 

Itill^Jtl ' g^E^fi n]-^#^^|^|I^J)jR^|l#^ (packet in 

rdram)^) mm mm m^r • ^ # ^ m p m & ^ ^ i& % 

x §g # it as a ma jji ^ • & ^ r± @ fi*i «r ^ m m m m m m 

-zmmmm - m m m ®i m m m m m ^ it m w m t±\ » mm- 
wjz ^ IB tt fisim am s. © mo ® ^ a m ujj is a? jima? £ 12. 
t^iiwirfic •>• s m sa « fli ft m %t • 
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R7 

3L ^ qtmim ( 7 ) 

* mm<&m - m m mm^m m & a ,> m n m m u -n 
m - m~mmmmmmm.^L m m a m m jx m m m m mnm 
mmmmm^mfp • m& m. m m m m m n\ m it m ib m m m 

mum ° 

m is, fi m m m ^ m ^ «r m m m >& m it w » n m % m 

mmmmi&m 3 • 3 txm » ^fi-^aiH^- 1 3 3 m h z \>x 

wmMmwcmmmm it (weaken) > rm ^ at t£ ' mat • 
*n h & n# r$ ftmmmmm&mn ^ ss < 1 1 ho m • bp jh $y u 

HP « vFIII 



i-i- ^ le m m m it m ^ ?s ^ ^ m m ± » m ^ ^ bb tt as 



i-i- 11 ^ le m m *hj h as m & ^ ^ £ • - ib m ti mi ^ ^ ^ 
ft iii ib « ASi&*i^&- p * <az iii-. 1^ jjoij * mitiAmmm 
n m m m \\k m ssexfc m m m m ft w • m \>x t* m m, ib it; m 

1tfl^--P7C^(W/L)(word \ine)m mmn-.m ' If i±l - Mi 
Sy^^^J^^IH^(row access pattern)^ 1f 5e ^ : 7C ^ it fr 

^^BrJ«T^f# ' MS^^MJIBttJl^--{v:7L:^(B/L)(bit line) 

frti 3i m 11b iif - no m 3i - ^ m m \ r <{■ m m m (column 

access pattern)^ m ¥f XL Hi. ~Jt ^ fiUM^ ' itl^f ' $0 1 



sit 

•;.t 

J-Jt ' 



IT 



^ 'I 'H '! J PS IS) (CNS)A l (2IO >= 297 ) 
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3L * &mttw ( 2-) 

9 9 1 -<-£ A.J. van de Goor,John Wilcy& Sons ff\ 7Z "filing 
^-^frilBtlfl" (Testing Semiconductor memory) — It ' I'J 
lljlllf $i:ir.^l^j^^lJ^(Checkboard) * G A LP AT * ft 9ft {ft *§ 
(Sliding Diagonal) - W\ l W< f!0 U 111 ^ (Butterfly pattern)^ ~Jj 

m-mijxxmmmm m m„mm%> n s i. -i m m u ii-s 
iPj m m m m m m m # m m ^ m m * si m • ad m ir. n & $ ?\ 



A * B Pfr tt; W- — IS tit M (bank) tf-J \$\\ • \& 11^ 



fJtJHlJ? ' #cJ?5gAJgFB!&seHJ¥(bank active) > i|ifj5 A II H JiS 
(write or read)J^ R M % M (pre-charge)^ ^ ffjlj m^i^'PWl ' 
^E±5i^J^4»^JU$f^^S (burst length)^ 4 I^IW^T ' 7± 

n s iii ' ss^itiAf^ ut • m -(£ 3x m- m m a m 
( d q ) m si eg fisi n§ jm -m m fft m m ^ • m r± iaa * b 
ii 4' - mo m m m r± 2^3 ^ ;i* ^ t » so & ^ # s* ± 

Ik ©J Ji 4r lit ' MMm2M3 M m Ml f£ 1±. D Q $ro M f!l if *4 « 

tfci ' ittmsHR m / n a - b 111 - 4$ ft-- m m m m. ii* w 
wmufe ' # h ummmmitjE n m s • &t ±.mmm* 
mmmi^^ - ^ w n fin ^ m i^^i^ • mm^m&m a 
a - b mmm7f<nmmm^^n^m\^wjmyt,m^vito pr e- 

charge)ftjfl=r£ . jtb 36 5$ ^ oj #l : «!l Hit fcL J . ^ 1=1 Wj 51 % HI IE fl^ £ 

jest us > mmiim-m^-.mnm^^mumMnmm 
itzitfe - n a iii 2& -i- a > b mmwi-A<r&wjmmmmm 
mm^m&Amm - m-\ — mwm-\---: a * b m m n m ^ 
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. &j nj mm taxi® (dq) ^mii«i^m 

^ + -11^00-?^ ' ^ ?s f& j$ ib ts m w an n$ ~n & > %nm. 
m m. w w n m tb a «r ^ & m h >i< m/ e • ti * s ep ^ ib 

ffi-iiB^ ; ^^>j< - *& m ^ ib « m. m iifi & m # is • > 

- 3t®.ij^ftMfi - ?£ f3 A IS S ~. ISI • **&IBttl**£ 

B3iA@F®»J(active)l!ltJKST ' + A * BBI4» v 

16 - 7 ' 1 0 - 1 1 ' 14 « 1 5 -'I 8 « 19 - 2 
2^23^26^27 m M f& ^ J£. *B fllii J ^ ^ id A ft ^ S 
(wait)i^^S ' 7± il ~h — 111 ~Bl % ~\~ —. A * B m 1 1:> ' ly^EH 1 
4 - 15 - 18 - 19 ' 22 ' 23S26 ' 27 mMlM 

^M.mm^mmmm^m - ^ m m m m *n ft ib ft m mi u -n 
m^mxv<ps ' n is u m must m h > i&x 

fiu tfir$ is ^ - m rsi ^ ^ fi ^ $sr a 

£S3«flI«ltt>&iS ' it - fffi «T £f IB tt US £ 'It its A i£ W £1 -R 

* fit ^ £ # - g ft tii mm #S — I'll f.".J I® 8? ffi lit tfcS A 2. 

ib it fi yi ^ 75 & ' nt w mi ~Jj m m t m n\ i/< - & dram^ 

y 4 ' iff a] m Ri n §T — ft ft DDR-DRAM1HRDRA 



*•*.« >Ut is >fl 4» ® m (CNS)A'I m'6 (2.10 x 297 ) 



A7 
B7 



3i * #mttm ( if ) 

m • m&nm & * u je & • 

g m ft n - st m m m m m m a 5: 



Iim A 



4r ® {@ 1 1# kx * 



ib m it m ttiAmm<jfm.nnnML • a* wl - ?n rt r n§ <^ is it 

H £ & flitj & P 2£ tl:', A & ill ^ M ^ £i ?u/ tfi: £ IS It 11 $0 « # 



1CI 



m ^ in m a a/c»» p m ^ im m a* in in m a it ^ £. # 



JSl 



- 4r IS 'It m W m fli'J J£ P M ^ US] l>£ % 11 A ^ fliij m 4r : 

«^isitfi;£inmA^pu;&^ 
^iffi^itScfiKS > mumwmz m m. m it m m # • 

i n ffe il ft • & Iff* III 5$ P a Ui 'ji:J 4l I m ■ 

c - ) • m^fflfo ■ 

a > b > c ii : \% # # ^ ^ Mi — ?g h w m m m w> 



m 



5$ 



A * B 



HA- B 



C * Dill : ffi 2fs: » I B £ 85 m ? g gg ^ y m m m 

cm : i^^mm^tmiw ddr-dram tL&m. 
mm mm mm <> 
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A7 

B7 

2L * ftfyiSLW ( .(r ) 

W M A « B III : ^ * ® C]B £ IS Jft RDRAM 5lMffJE^JI^ 

HP 111 - 

a - b m ■ % s *a * - ta m m £ m w m ^ m mw>w • 

ny\ a ^ b hi • f^i'^ii-iBifjm^^ifMRiiioiijM^m^ 

^ ?<l m m hi ° 

haii * m-i-A * b in ^ m-t-m * i-i-ca * bi:|| 

n *n # ib m m £ §tf ^ ^ » ® 2. nvp m m • 

" M " 

£ ft «0 7y S ' ±fi^ )1 £3 V5 W % f il BB M htt S # fli IB tt » 

(bank) |& £ ^ ^ fig $|J -Jg 4r , y 1TJ' ^ §[« fig f jf ft ^ ft A & 

p m jm m m m m m m m r« n m m. m> i-h x rv m k > ^ - w ^ 

IBfiSffi^Ji^gflBP^M^P^I^^^^^A ' &f SDRAM Sl 
ddr-dram ffnl - m 1±. m M m Mm J9J #3 ft t&itim^mx 
£«*4litHA > <fr IB « M ffi W & fHU il $Lr 23: tc # m Sftiti ft 

ticws • mm rdram mi* - & m m m ^ " m n " mm 

m^nm^mx • rn.mmmm.mM " m m m & ** mmmmm 

tH A ' ^^iiJ^-TL^m^i^ftm;^^ • £llJlt ' T 'J JJjI M il 

ii ^ ^ IE 'iMt 7c » & ii * % w asm > m tx m m «r t& a 
* % m m tb ib ti ti ii ^ ^ i'j t& -j-j & --n - 
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jl * i£m&w ( 6 ) 

mn^mmm^^ m ^ m a *m & m m m t^xm^mfk 
m m m m m w m m m m • Rmm»sm m i& m m m&m m 
m m. m na m z. m m s n m > mmnmAMmm • uTwmm 
mmz > mm- a * b * c 111 4- • e >ju m r v < # ^ # 

2 ' 4 ' 8 ^^^IWJxf |4Jt[t : (Bursl length) J^&i|iA^ 

ihj Hi ?sy ^ m m ^ m ura & si w m $i m i+ m • -n- is — a n 4 - 
m&mnmo ~ 3 (Banko~3) frmu\wmmmmm&m$: 
m m m m (active) . m \k m u m m w & w w ran m mm a c itr 
ammjfcm ) 2w.mm^ - mat • ^mttj ■ & ^ ^ut tti a as 
c d q ) & 5i ft- ^ i^i m z. m m m n m aj a ^ $ j a • h h 

Ei £ M IB It * 3 (Bank2)£& ' 13 $J S /i* ^ iM m M (CLK) 

^ w ^ $0 4r m a ^ » # m fi= • up ttj inj w lit a j , a m m ik 

& ftfU Jl 4r if p n m ^ iti I® f p & ^ - 

ia" - "ir^iA" "mmmmrtm" mmmm 

4r • ^nJ^l^rfgrjthiA^^ flsU ^[i ^ M IJ^H ^ M ^! l'^ IR1 ^ fi- ^ » 

m m - c ii 0f 75 - rf it -n a : m 8 w m & > nt w m 
^Msitm-A ^ b m^mmm&n ■ '^m^mmmm^n 

onmm - "IA" - " m a " - "s^it" ^ 

•^^riii^ ' mmmm 1 iom "^oyj" - "m%m" - u m 
wr - '"mx" - "ia" - - m m " • li^^t* 2 mu 



tv<Am K./iiiS in -I' m m (cns)a-i jslm (210 ^ vg 7 ) 



A7 

B7 

3L > & wi'tm ( ? ) 

wj" - "mx" - "mx" > ft nli m m 3 m mmnw. m 
m • -m^mm^m^Am^mm^i^m\i\\m^mi^ • 
4I^a > biii4> - m # S'j *k tTs ft ^" i «i 7 &mm m m m. 

( 2 Uc 3 ) >^SfiSI2 ' PI. ft r r.i flV-I ii'B 'IS JrlX fie f\\ " & 

sio " - -mm (^niiiiH^ii) " i'^^<T^^^35^f^5t 
ii if t ' li 75 ft ^ ib ft n mn m m m u n.* • 
jm m m m ^ n m tb a r m ^ m m m if ^ * 

* Wl W m T pT ill ©I 4r 'It A Jifi 4r U & t^r *4 'It tH A M ftH m 

t 

» Aig^^irr^^ii • 7jf bp $p^j --. c ifti rut 75 ' pj Mii- 

flfi IK §fl£ ( c K E ) ft m }¥ ift 4" f£ f:v: jig fflft i • 4)T — m m 

Am^m.mmivtm > ii^^® a^j^m a;i^ji^ 
m - it ^ o m mw<$r m a m m m m ,t, x m m m m m # 
m m m » >rr<*imm m tb ib m m m if £. ie n m & - \nm 
m - $p n - d in ffi 75 ' jf^mm-m m m ^ (dqm) 
(mask) • mmmwn-fe&wwm m m m a m ut • iuh^o^i 
& m jji *r ^ ii lit a ^ ri^i ji^ ng . ^m^mm^im 

# it m m m m m m m ARm m m tb a m mi m u 
m - ummitm^mmAm^Rmm. • mn^m^mmm 
mnffimwwm • i , &irni^#Mffl^^r---^i^iBmifi • ^cid 

DR-DRAMWSRDRAMf • #11 £H .f.A « B « C 111 
Pfr 75 ' M^ISJlffl^ DDR-DRA M 1i A ^ HI M : K 

m m m m m • n# 11 ^ jji«r^i^^^i • ^ $0 ^ ^ w a 



■K^.^K-liiSli] t@@Wi|l (CNS)/V1 (210x 297 i>t ) 
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3L * t&mtiw ( g ) 

Tj r » gt «- ib m m m m m &j m m • ttmmmm&nD d 

r-dr AMf;|5j- n# 1J)5 «I i|t /;b A ffl ^ i*r *4 IB • 1 m 14 

# ?!R in ' isj in > ft»j ;i je r d r a m >-h ' m m eg 
a * b m^ftmmmnm x'&miw^ mivmmmm^ • n 
^wmm&iftizu "mm" (packctm wwMnm^m a 
^mnmmx^mme, - Fiw^m^mm&i&mmmj&M. 

^j^Miziti^^^^i , a m. m m ^ m ■■ • w. »s wtrk'm l m u 

*s 4r «* ai Atf^fi fitsc £^ > ft n m ^ m m m m n m m m 
m.mmmm^m^mx - ^ sb m m. r& & m & &) m. m^mm 
7>',\tm ' mat • # «r m m mmm m it w m m n m 
^^rrii^^^^tt^^p s m^^'iithA^iBit;pfij^^ 
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A8 
B8 
C8 
D8 



i • -mmw m m a* « m a z m ti m m ♦ 7 s 



- Wy -v IB 1:1 f! if P\- (I/O) m ill M M l.".J 1^ ft* *fo i±'i A if ^ 

- ^ ib tt fit w m m m » m m m m m m m a m m m ^ - 

2 ■ ---mmm^^mmi^AZum-^m^ijm » 7 s 



^ 4r ib m m m m m m m 4* it) m m m a it m z % 



- ^ IB H iff ^ ^ fii'J P M m It- *fe ili A flitf } 



3 



nmmmmmm&Azmmm.m\?&-j3m > & 



m ^ ib m fi it f4 m m m #/< wi ^ ^ ^ a* m m z # 



- ^ ib ti A3 ft m m m m ^ ruj ran % ^ a m m -p 



mmitiAzmmmmuijte » ^ «h ri£ n tK- fib m^^ # 



5 • m^m~mmmmm i * 2 3 m m m z m m m 
mm^Azmm^mu^m - n^mmnm.^jm sdr 

M - DDR-DRAMI Rambus R D R A M # " 

6 • $D e|ei if JiJ (ioi HI m 1 * 2^3 ii'i Hr 5zJt £ ffio- |HJ |^ 

j* * a j , a £ ib m fi $0 lit # ' a<- '-i • m m « ^ » 



m 

A 



L-l 

uLi 



A 8 
138 

C8 
D8 

c a ) m m «r m m w. m & (mask) . u m n % m m m m m 
^mmwiitt (A) mmwwm ° 

m a tti a^ib it fi i* -/j & > ^ L -|:. m m m a a & $n *g 
®jf^ • oj f& ^ ^ si ' MMWi^i^^mAii^i^;i^s • 

8 • $n >^ if n *'J use in mi * j ft at £ ^ iti m & 
* f i tu a £ is m n us # & ' M: h ij> m i h j i>& ii-fKi a p}[ m m ^ 

9 • $n e|3 iff * 5pu $ti ■ sT6 m m m £ m m m. ® mm&x 
n m m m ^ p@ m\ ib ft a* ( bank ) ^ & *m m m m ^ m £ $g 

Jf SB fific J? » ^ # • 

i o • $u i i-i m m- m m m m i m m m m im m^m m 
A^mmwtmuijm > n^mm u *< fib ti n z. m m m^m 
vi ' mmmm.'j?m m ib ti m c bank > ;> # -it ^ $ij ^ ^ m 

i i • m e|3 it n- 5pu $g in m 8 Jii m m £ m is & m m tu 

A ^ IB 1:1 fit W\ lit ^5 ♦ ^^i^^^ IB m II ^ ^ fluj ^ m 

^ > Sii^s^^ m ib tt in- (bank) & m m m m m 
Azmnmrnmum ' ^^i^iBtt^Hr^ sdram« d 

DR-DRAMl Rambus R D R A M « 

13 jo .Ha if mm.mmm i m m ^ ^ ^ i^j i^ ^ m m m 

12 
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A 8 
B8 
C8 
D8 



x^mmmwmijfk • n^mmmm^m sdram^ d 

DR-D RAMi Rambus RDRA M % » 

i 4 • n ^< it W- m Mi in % 8 m rrt m 2. m i^i m ^ a± 
x^mmmuum • #4'Kieiafl8un3 sdram^d 

DR-DRAMI Rambus RDRA M % ° 
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SDRAM; Burtl lenglh=? 



CLK 



4 S G ' 7 8 9 10 if *t '3 '4 'i" >{> it /^ 20 ,.7 22 ^3 & ?S 20. 27 28 -V ic 




Bank H2 



Ban* 92 



OO 



t t 

Wrflfl 

t t 



t t 

t t 



r t 



Bank AflM! Wrfl8 Mrh Jutopr»»tlii/oe ActK/« Wrtc sjiowr 0\*rv* Aet>« wrto wlh au«50'»crt(^c 

t t 



.Ml* ~lir> au!r>c focfiarg c ActTvu 



f t t t t t 

Active Wftfj «lh auie^chfcfQa ActfV,:? Wifto wRJi autaprecncnjo Wfflo wr« jirtoprvctia^c 



<IXIX&>e><3XE><3^ 

/ 

seamless commanding and seamless data star 



— A 



SORAM'.Bunl lenglh=4 



Bunk t*1 



Bunk *3 



DO 



t t t 

f t t t 

W/i* ;vr^ Bsnkprwrofffe 

t t t 

t t 



t 



t 



t t t 

Well* Wrflo Ban* prccfta:3t 

t t t 

A'/'vti V/nle VJr.to 

t t 



/ 



seamless commanding and seamless data star 



B 



SDRAM; Buret lengUi=8 




BanW CO Acs*-* 



t .X 

Writ* 

t t t 
t t t t 

*etjve Bond precrurjo Art\r 

t. t t 



Bank Dffltf-.n'C* AcDve 



0jn* precrviroo 



f T 



t t T 



0»nt> p^icN*-; • AclNr 



nesT 



seamless commanding and seamless data star 



— c 



SORAM: Latency^?.. Gurst longth = 2; 

CLK ^.jn_n_jT_rLTijnj-u~Ln_n_j _ u"Lru'ij " u "i_n .. r i.jn_ji_ruTJ _ Lri_n_ri.ri_n_n 

i t t t l' t t ; 

I" t t t 1 t 



t I i I' t t 



A 



SDRAM; Lntoncy=3; Burst length=2: 
clk _J~!_TL 




1 ; i 1 ; i • i "1 j~i__rLjaj~Lnjnj _ Tj~L_n_n 
t i t t 

1 t t t 

t 



win .n*ior''"cM.ifT' A r.'-. 



t 



t t 



,V1 wilh aiJlODfSCh.Vqp 



.vl ^.(f< ,11 V[,e &r.\K-r. 



P*!wi with auiop'^ha/gi; 



DO Latencv-3 



IH Bl 



SDRAM; Burst length = 2 



JTJxnjnjTJTjnjrruTJTjnj^^ 

t t t t ' t t t t 

fttrr.o Wrrtit with ai.iopriictwrge Active Wnlfl wth auroprechwge 



Bank HQ A cnv*! wmc wtth mptoprcch^gc 

Bank «1 



Bank #2 



Bank S3 



t t 



Wrilr; vnlh .lulriprocli.-iKjf; 



t t 



VVntc v-ith ,-jutnpfech jffjc Active 



t t 



Wrilc with ,1i»''ipf pf.h,ii-]» 



Wn'« wtlh aiitoprcchnfgc 



t t 



Wntf; vvflh .11 iirp'i charge Active 

t t 



Wftl» A I'll .lllt^tlf'.tl.V 



t t 

t 



Write wtlh .luioprecharfjc 



WntR with autoprcchAige Aclrvc 



Wf I- 1 v.nti ,1,1'np'c th r -irnc 



WnlC with mitrtprechaige 



CKE 



. j * - , , seamless commanding and seamless data 

seamless commanding and seamless data star ... 

y are purposely interrupted 



c 



SDRAM; Burst length=2 



CLK _TLrm_rijnja-njnj~iJijn_njn^ 



Bank HQ *ctrve 



Bank «2 



Bank *3 



Write with witop'tch-irtjc 



It t t 

Wri»e with 3»iopf«charge Acrw; 

I t t t ' 

Act^e Write wtlh autrrpfflcn.irqr. Active 



t t 



t t 



■f.«c w.lh antoprrch.-Hge W[[t( , ^ 3utopr( , ch3fg( , 



t t 



Wnic with aiitnprer.hivgfi 



t f 

Wn(f? with .nilnprccharge Ac,,ve 

t t 



Write with aulofwecharge 



t t 



Write wlti ,H))nprrc!i.vgi; Ar.livC 



t t 



Write with aulrjp'CChargc 



t t 



A/ritf! wtlh autoprochaige 



Writ'; w<th ,)ul']P'r;ch,irgs Active 



wrttc wiii aiitop^ch^rge 



DQM 



ptm>o-,rd co-iiii" on'.t.isv t[ 



-<aXaX5>0XcXcXcD<^^ 

/ 

seamless commanding and seamless data star 



seamless data are purposely interrupted 



DDR. Latcncy=2 ; Burst lenglh=4 
CLK 



jn^jnj-Lru"i_n_n_nji_TLn_j-u-i_|--ij-| run n n.J-u'"Lin_n_n_ru-LrLn_n 
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DDR; Latency=2 ; Burst length=4 
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Actrve Read with atopic Charge Activfi 



'ead vi-Hh aiflnprr charge Acirve 



Bank #3 
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Acifve Read with ai/toprecharge Ac1rv,; Re*) *«th j./tnprecrvirga Actrve 



Read \*ih autoprecftarge 
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Read 
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Read *rth autop'echarge 



R*,ad with aiXoprcchjrge 
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DDR; Latency=2.5: Burst 1ength=4 
CLK 
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Bank JtfO *ctiv* Read »*h autoprccharge 
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Aniv*« Read with at/tn pte charge 



t t t 

R^wUhautopretharge R CS d w<h 3u to pre charge 



Bank «2 



DO 
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Read w«h autopfechaige Attrvr: Read wrth autnpreoh.i<ge *(.irv- 
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»ctrve Read 
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Read w«h auto pre charge 



Re ad with ai/tnpurch.nge AclK^ 
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Read wrth autoprecharge 
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Read w*h autoprecrwge 



Read with autop'e charge 



Read **h airtnprecharge Actrvf 



Read w<h auiopro charge 
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RDRAM I tpR = 8 Icvcte; tcwo = 6 (cycle; Irit = 4 (cycle; 

I Seamless commanding / Seamless I O ► * ^ 



-Seamless ROW packet comi tin ruling - 

ROW2 ' 
ROWO 



-Seamless COL packet commanding - 



col4 . / YYYYYYVYYYVYYYYVVVVYYYYYY W r.h Y wr n? Y w '^" h1 ^ WR *>2T wr ci v'wn' cj V wfrdrrwR irrr^^rv~ wR^r Y wr ao y wr a4 y wr ba 

A T AMSK(ar) A MSK{aZ ) AMSl<(b 1)rMSK('h?)^MSk(^ l) AMSK(d2)AMSK(e1)AMSK(e 



COLO UMAA^UMAA AMMMAAM \A A ^ AMSK(al) A MSK(aZ ) AK^(b 1)AMSK>?)AMSK(c1)JlM^ 



-Seamless 1.0 Data packet • 
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Transaction a: 


aO = (Da. Ba. RaO} 


al = (Da. Ba, Cal) 


a2 = (Da. Ba. Cn2) 


a3 - (On. Ba. Cn3) 


a4 = (Da, Ba. Ca4) 


Transaction b: 


bO = {Db. 8b. RbO) 


bl = (Db. Bb. Cb1) 


b2 = (Db. Db. Ct)2} 


b3 = (Db, Bb. Cb3) 


b4 = (Db. Bb, Cb4) 


Transaction c: 


cO = (Dc. Be. RcO) 


d = (Dc, Be, Ccl) 


C2 = (Dc. Dc, Cc2J 


c3 = (Dc. Be. Cc3} 


c4 = (Dc. Be. Cc4} 


Transaction d: 


dO = {Dd. Bd. RdO) 


dl = (Dd. 8d, CdlJ 


d2 = (Dd. Bd. Cri2) 


ri3 = (Dd. Bd, Cd3} 


d4 = (Dd, Bd. Cd4) 


Transaction e: 


eO = {De. Be. ReO} 


e1 = (De. Be, Cel) 


c2 = (Or. Be. Cc2) 


c3 = (De. Be, Cc3) 


e4 = (De, Be. Ce4} 
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-Seamless commanding / Seamless I.O. 
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-Seamless ROW packet commanding » 

R0W2.. 
ROWO 



-Seamtoss COL packet commanding ► 
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-Seamless l O. Data packet 
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Bank Hi 



Bant H2 idle 



Bank X3 
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SDRAM; Lalency=3 ;Burst tenglh=4 
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Bank «2 idle 
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00 



SDRAM: Latency-2: Burst lenglh=4 
CLK 



t t 



t t 



t t 



Bank «0 *ct.^ 



Pe ad with jJuiOD^echarge 



^ciive Rr.ad with amou'echvirji; 



Aciive Read with auioDrechafge 



Bank m 



Bank *2 Idle 
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SDRAM; Latency=3; Burst length=4 
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Bank #0 a ctr. 



t t 



P«wJ with sutotvuchanje 
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AcIfvi; Read wtih auiortTch^fjf; 



AcIpvh Read with autoo^e change 



Bank «i 



Bank »2 Idle 



Bank #3 



DO 
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■/Mir with .iifiori'^rh^Tjfl Acii'/e wme wnti auioRrrKfiargc 
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Wnle with auloprt Charge 
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Bank ttQ *cin*; Peart w<h atitopiecrtsrge Ar.iiv* Read w*h aufoprechanjc *(.tiv*- 
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It t t t 

Active R«*5 wKh autoOfCCh^Q.; Artrv « Rr*J JtiWO'Mharfle A C t»v« 



Read wuh autoprecharge 
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Bank #0 A ctr* wm e w<m Ainoprechafg* 
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Bank Ml 



Bank *3 
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Wrte with .iirtnprrch^rue 



Wnle wrth airtnprechnrge 
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Aciivc Wntf!w*ji .luroDrpchango 
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SDRAM; Latency=2; Burst length=4 
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Bank »2 
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P»>*i *fh autnpre charge 
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Readwittl amorve charge 



Read wih aiAoprecharge 
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Read with a irtopff! charge 
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Active Read w<th autoote charge 
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Re3f) wrth ai/iofyr charge 
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Bank #0 Act*«e fe*l autop-^charge 



Bank #3 
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Read with autoprechargn 
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Read with at/opre charge 



Read with autoprecharye 
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Rear) w*h auto pre charge 



Actrvfl Read with autopfeeharye 
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Read w*h jotopfrrjvsrgr 
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